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Specification [Substitute Specification] 

BAR-LIKE WORK PROCESSING METHOD IN MACHINE TOOL, PROCESSING JIG FOR 
PERFORMING THE METHOD, AND SUPPORT DEVICE FOR BAR-LIKE WORK 
5 PROCESSING 

Technical Field 

The present invention relates to a bar-like work processing m^od in a machine tool, a 
processing jig for performing the method, and a siqjport device for Ihe bar-like woik processing. 

10 

Description of the Prior Art 

There exists a machine tool, wherein a main shafl; movable at least in a longitudinal 
direction is provided at a position on one side of a horizontally longitudinal direction of a 
foundation (for example, see Japanese Patent Gazette of Japanese Provisional Publication No. 
15 2001-9652). 

In the machine tool, a woik grip rotation feed mechanism portion for rotating a work 
about a specific lateral axis is provided at a position relating to tiie main shaft, and the work gripped 
therd)y is processed by being fed and rotated to a specific angle position about the ^)ecific lateral 
axis (for example, see Jq^anese Patmt Gazette of Patait No. 3083776). 

20 In this processing, whai a bar-like work is moved fiom one of either position to the other 

between the case where it is attached to and removed &om the work grip rotation feed mechanism 
portion and the case vAica^c it is processed by the opo^tion of the main shaft, the work grip rotation 
feed mechanism portion is not moved on flie foundatiorL 

In processing the bar-like woik without moving the woric grip rotation feed mechanism 

25 portion to amain shaft direction on the foundation as mentioned above , whoi the bar-like work is 
attached to and removed fit>m the work grip rotation feed mechanism portion, a work^- can not get 
close aiough to it In addition, the work grip rotation feed mechanism portion is too near to the 



2 



main shaft to provide an opmition space. Owing to this, the bar-like woric contacts a tool fixed 
to the main shaft, damaging them both. Besides, in processing the gripped bar-like woik, since the 
distance between the tool fixed to ttie main shaft and the woik at a processing start position is laargc, 
the main shaft needs to be di^laced toward the bar-like work throu^ a largp stroke. This is 
5 sometimes a disadvantage in processing eflSciaicy. The present invention aims to ovaxx)mefliese 
problems. 

Summary of flie IhvCTtion 

In a first aspect of the invention, in a machine tool having a main shaft movable in at least 

10 a longitudinal direction at a position on one side of a foundation in a horizontally longitudinal 
direction , a vertical rotation siqipoit shaft is provided at a position on the other side of the 
foundation, and a lateral stand shaped as a rectangle in plan view and as a right-angled triangle in 
side view is fixed on the top portion of the vertical rotation siq>port shaft. And to both ends of a 
slant sur&ce portion in the longitudinal direction of ttie lat^ stand, standing siq)port stands of a 

IS work grip rotation feed mechanism sur&ce portion are fitted. Tlie work grip rotation feed 
mechanism surface portion rotates a bar-like work due to using almost the whole sur&ce of the 
slant sur&ce portiorL Besides, a work siq>port axis of the work grip rotation feed mechanism 
portion and an axis of the vertical rotation support shaft are horizontally sq)arated by a required 
distance to the lower portion of the slant surfece of the lateral stand The position of the lateral 

20 stand is varied by rotating the vertical rotation si5>port shaft between tiie case where the bar-like 
work is attached to and removed fiom the work grip rotation feed mecharusm portion and the case 
wiiere it is processed by longitudinally displacing the main shaft. 

In the present invention, when the bar-like work is attached to and removed fiom the 
work grip rotation feed mechanism, the lateral stand is deflected to the other side fiom the vertical 

25 rotation siq)port shaft to sq^arate the work grip rotation feed mechanism fiom the main shaft. 
According to this, the worker can easily ^roach the work grip rotation feed mechanism fiom the 
othCT side. Besides^ since the interval betwem the vertical rotation siq>port shaft and ttie main 
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shaft becomes laig^ the space for attadiing and removing the bar-like woik is mlaiged. 

On the otha- hand, when processing the bar-like work gripped by tiie woric grip rotation 
feed mechanism poition, the latea^l stand is deflected to one side 6om the vertical rotation sq)port 
shaft to approach the main shafL According to ttiis, since die distance 6om the main shaft to the 
5 work at the processing start position becomes small, the bar-like work can be processed using a 
small stroke. 

In a second aspect of the invention, an axis of flie v^cal rotation siq>port shaft and an 
axis of the woik grip rotation feed mechanism poition are arran^d so ftiat ttie latta* can extend 
toward the main shaft when the lateral stand faces the main shaft 

10 In a third aspect of the invention, a slanting sur&ce of die lataal stand is inclined fiom a 

horizontal plane by an angje of 15 degrees or more, 

In a fourth aspect of the invention, a siq^port device for woik processing is so constmcted 
that, in a machine tool having a main shaft movable at least in a longitudinal direction at a position 
on one side of a horizontally longitudinal direction of a foundation, a v^cal rotation siqjport shaft 

IS is provided at a position on the otho: side of the foundation, and a lateral stand sh^ed as a rectangle 
in plan view and as a right-angled triangle in side view is fixed on the top poition of the vertical 
rotation siqTport shaft And to both ends of a slant sur&ce portion in the longitudinal direction of the 
lata:al stand, standing siq>port stands of a woik grip rotation feed mechanism sur&ce portion are 
fitted. The woik grip rotation feed mechanisni sur&ce poition rotates abar-like woik due to using 

20 almost the whole surface of the slant surface portion. Besides, a work si^jport axis of the work 
grip rotation feed mechanism poition and an axis of the v^cal rotation siqjport shaft are 
horizontally sq>arated by a required distance so that the foimor is positioned at at the low^ side of 
the slant surface of the lat^ stand than the latter. And, tiie position of the lateral stand is varied 
by rotating the vertical rotation siq>port shaft between the case where the bar-like woik is attached to 

25 and imioved fiDm the woik grip rotation feed mechanism poition and the case where it is 
processed by longitudinally di^lacing the main shaft 

In a fourth aspect of the invmtion, the upp&c sur&ce of the lateral stand is inclined by an 



angle of 15 degrees or more. 

According to this, even if cutting chips due to processing drop on the upper surface of flie 
lateral stand, they flow down togsAvac with cutting fluid by their own wd^t due to the flow 
action of tfie cutting fluid 

Besides, in the invoition, the lat^ stand is formed so that a space is fbnried sunounded 
by a horizontal bottom sur&ce poition, a standing surface portion stood fiom one end of the bottom 
sur&ce portion, and a slanting surfice portion connecting a top aid of ttie standing sur&ce portion 
and the othar end of the bottom sur&ce portion. In addition, required memb€i:s such as cables 
and pipes for the woik grip rotation feed mechanism portion can be arranged in the space. 

According to this^ as is the case of the third aspect of the invaition, the lateral stand can 
inqnove in rigidity due to inoeasing section modulus and can guard ttie required membas such as 
the cables and the pipes. 

Brief Description of the Drawings 

Fig 1 is a partially sectional side view showing a state in which a machine tool related 
to the present invention is used. Fig. 2 is a plan view showing the using state. 

Fig. 3 is a sectional view taken along xl — xl of Fig 5 with the woik removed . 

Fig 4 is a side view showing a state in which the machine tool processes tiie woik, and 
Fig. 5 is apian view thereof 

Fig. 6 is a side view of a modification of these for comparing a woric grip rotation feed 
mechanism portion and a lateral stand of the machine tool. 

Prefaced Embodiment of the invention 

The present invention will be explained particularly with reference to the drawing^. 

In Fig^. 1 to 3, 1 is a bed, and thoreon, a fixed-type column 2, a woric processing jig 
device 3, a num^cal control mechanism 4 and hydropneumatic equq>mmt S are provided. 

The column 2 is fixed at a position on one side of the bed, having a c)dindrical spindle 
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housing 7 lotatively siqTpoiting a longitudinal (Z-axial) main shaft 6 mounted displaceably in an 
X-axial direction, a Y-axial direction and a Z-axial direction fonning orthogpnal triaxial directions. 
A tool 8 is fixed on the fix)nt end of the main shaft 6. 

The processing jig device 3 is mounted on the otfa^ side of the bed 1, conqirising a 
5 servomotor 9, a vatical rotation support shaft 10 , a horizontal rotating table 11, a lataal stand 12, 
and a work grip rotation feed mechanism portion 13. Ha:e, tiie servomotor 9 is provided in the 
bed l,andtherotationsiq}port shaft 10 is rotativelysiq)ported at a specific positio 1 to 

be rotated by the servomotor 9. The rotating table 11 is fixed on the top portion of the rotation 
support shaft 10, and the lateral stand 12 is horizontally fixed on the upper surface of the rotating 

10 table 1 1 and shaped rectangulariy fiDm a plan view. The feed mechanism portion 13 is provided 
on the iqjpa-sur&ceofthelatoal stand 12. 

In this case, the lateral stand 12 is shaped as a rectangle in plan view and as a ri^t-angled 
triangle in side view as shown in Fig. 3. And besides, a standing siqjport stand of a wori^ grip 
rotation feed mechanism portion is fitted to the slant surface portion at opposite ends in the 

IS longitudinal directioa Here, the standing si9)port stand rotates the bar-like woric due to iisin 

whole surface of the slant surfece portion. Besides, in this figure, 12a is a horizontal bottom 
surface portion , 12b is a standing surfece portion 12b stood fiom one end of the bottom surface 
portion 12a, and 12c is a slanting surfece portion corinecting the bottom surfece portion 12a and the 
standing surfece portion 12b The upper surfece of the slanting surfece portion 12c is inclined 

20 fiom a horizontal surface by an angle of 15 degrees or more. In the illustrated exarr^les, the upper 
surface of the slanting surfece portion 12c is inclined by an angle of about 35 degrees. A closed 
space 'a' is formed by the bottom surfece portion 12a, the standing surfece portion 12b and the 
slanting surface portion 12c. 

The feed mechanism portion 13 comprises a work feed driving portion 13a fixed at a 

25 position on one mdofthe work support stand 12 and a tail stock 13b fixed at a position on the other 
end diereof The feed driving portion 13a comprises a standing siq>port stand 15, a chuck portion 
16 and a driving side cent^ 17, fixed on the iq>p^ surfece ofthe slanting surface portion 12c. The 



6 



siQTpoit Stand 15 has a NC (nnmaical control) table 14 on a side portion thereof The chudc 
portion 16 is fixed cx>ncaitrically with the NC table 14, rotating around a woik support axis S on the 
siqiportstand 15. The driving side caitCT 17 is siq>ported by the si^jport stand 15, arranged on the 
work si^)port axis S so as to si;)port a rotation center of one md sur&ce of a work gripped by the 
5 dixick portion 16. 

In this case, the work siqjport axis 'S' is sq^arated fiiom the siqjport shaft 10 by a required 
distance LO in a Z-axial directiorL According to ttie distance LO, a bar-like work ' can be easily 
attached to and removed 6om flie feed mechanism portion 13, and therefore^ the bar-like work w 
gripped by the feed mechanism portion 13 is eflSciently prcx^essed This is obvious fix)m an 

10 e?q)lanation hereinafter. The work siqjport axis 'S' portion between the driving portion 13a and 
the tail stock 13b is sq)arated fiom the upp&: surftice of the latoial stand 12 by a distance LI (see 
Fig. 3). The distance LI is a specific si2e required to rotate the predeterrnined rriaximum bar-^^ 
work on the upper surface of the lateral stand 12. 

The chuck portion 16 is provided with a plurality of claws 16a for gripping tiie bar-like 

15 work *w' di^laceable in a radial direction of a chuck body portion on the work si9>port axis *S\ 
And therein, two axial positioning members 16b each having a radial surface *b' for detamining a 
position of the bar-like work ' w' on an X-axial direction are fixed on the chuck body portioa 

The tail stock 13b corrqnises a standing siqiport stand 18 fixed on the iq^per side of the 
slanting sur&ce portion 12c of ftie lat^ stand 12, an X-axial driving device 18a mounted thoieon, 

20 and a push center 19. The push center 19 is slidably-displaceably si4)ported on the siq>port stand 
18 and pressed by the X-axial driving device 18a to siq^port the rotation cent^ of the other end 
sur&ce of the bar-like work *w'. 

As shown in Fig. 3, cables 20, pipes 21 and tubes, \viiidi are memba:s necessary to 
operate the driving portion 13a and the tail stock 13b, are arranged in the space 'a' of the lateral 

25 stand 12. These members 20, 21 are guided into the bed 1 through tiie inside of the rotating table 
11 fi^m the bottom sur&ceofthelataal stand 12 so as not to be exposed to the space for processing 
the work on the bed 1, and are connected to a required portioa 
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A using example of the case \^ere a annkshaft as a bar-like work 'w* is processed by 
this machine tool will be explained with refeeaice to Figs. 4 to 6. 

In loading the crankshaft ' w' to be processed in the feed mechanism poition 1 3 , the lateral 
stand 12 is positioned as shown in Fig. 1 and Fig. 2. According to this, the woik si^rport axis *S' is 
5 deflected to the fiont side in fce Z-axial direction fiom the si5>port shaft 10. In this state, a worker 
*c' approaches the feed mechanism poition 13 fiom the fiont side fl of the bed 1, ananging the 
oankshaft V between the driving side caita* 1 7 and the push center 1 9 by manual opei:ation or a 
robot, then displacing the push coiter 19 to the driving side center 17 by the opa:atLon of the driving 
device 18a, interfitting these 17, 19 into each of cento- holes formed in end surfeces of the 

10 crankshaft *w' to put the crankshaft *w' into these 17, 19, as well as to press against ttie radial 
sur&ce 'b' of the axial positioning memb^ 16b. According to this, the driving side center 17 and 
the push carter 19 support the crankshaft *w* at a specific position on the work sipport axis *S'. 
Thereafto; by displacing the claws 16a of the chuck portion 16, the outer surface of an axial portion 
of one end of flie crankshaft 'w' is gripped by the claws 16a, and in this way, loading for the 

IS crankshaft 'w' is finished. 

In this loading operation, the feed mechanism poition 1 3 is displaced close at hand of the 
worker 'c' in comparison with the case where the rotation sipport shaft 10 agrees with the work 
sipport axis *S'. Accordingly, the worker *c' can fix ttie crankshaft *w' to the feed mechanism 
portion 13 precisely and ftitiguelessly. In addition, ftie feed mechanism portion 13 is sq)arated 

20 fiTom the tool 8 fixed on the main shaft 6 in corrparison with the case where the rotation siq>port 
shaft 10 agrees with the work stpport axis 'S'. Accordingly, since the space with respect to the 
tool 8 for loading the crankshaft ' w ' is made broad, the crankshaft V does not carelessly contact 
the tool and the like. 

Next, the main shaft 6 is, in a climbing-rearward manner, displaced to a hd^t so that the 
25 tool 8 can not interfere with the feed medianism poition 13. Li this state, the servromotor 9 is 
operated so as to rotate the lata:al stand 12 around the rotation siq>port shaft 10 by an angle of 136- 
225 degrees and to make the woik siq^port axis ' S ' agree with the X-axial direction, as shown in Fig. 
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4 and Fig. 5. According to this, the work si^jport axis *S' is deflected to the rear side £2 in the 
Z-axial direction 6om the rotation support shaft 10. Then, flie numerical control mechanism 
portion 4 is opa:ated so as to decide the phase of the crankshaft V around the work siq^port axis 
*S'. And fheiieafta; the main shaft 6 is rotated by the opa:ation of ttie numaical control 
5 mechanism portion 4, and besides, the position of the crarikshaft V' around the work siq^po^ 
*S' and the position of the main shaft 6 are regulated to process the crankshaft 'w\ 

Li ttiis processing of the crankshaft 'w\ a distance L3 betwem the tool 8 and the 
crankshaft V at ttie prcx^essing start position is short in comparison with the case v/hea^ the 
rotation support shaft 10 agrees with the work support axis 'S\ Therefore, since the stroke of the 
10 main shaft 6 in the Z-axial direction, which is required to process the crankshaft V, is shortened, 
ttie crankshaft * w* can be eflfidoitly processed. 

Strains about the feed medianism portion 13 and the lateral stand 12 while the crankshaft 
'w' is being cut will be explained with reference to Fig. 3 and Fig. 6. 

In cutting the crankshaft 'w', the tool 8 is pressed against it In this case, \^en power 
15 for pressing the tool 8 shown inFig. 3 is made Fl, thepowarFl s^lies abmdingpowo-Ml to the 
work driving portion 13a and the bottom surfecesofthesiqjport stands 15, 18 ofttie tail stock 13b. 
Here, the bmding power Ml is indicated by tiie foDowing Formula (1). 

That is; 

Ml = Fl X LI X cos 0 Formula(l) 

20 As shown in Fig. 6, in case the upper surface of the lateral stand 12 forms a horizontal 

sur&ce and a distance between the horizontal sur&ce and the work si^Tport axis ^S' is made LI, a 
bending pow^ M2 that the pressing power F 1 ^lies to the bottom sur&ces of the siqjport stands 
15, 18 is indicated by the following Formula (2). 
That is; 

25 M2 = Fl X LI Fonnula(2) 

Obviously fiom this» v/hsn the iqjper sur&ce of the latoal stand 12 is inclined, the 
bmding power sailed to the bottom sur&ces of the support stands 15, 18 becomes small in 
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conq)arison with the case Avhaie the lateal stand 12 forms a horizontal sur&ce, as shown in Fig. 6. 
Thaefore, the strain of the feed mechanism portion 13 during processing becomes correspondingly 
small. 

Since ttioie is a space in ttie sectional sh^ of the lata:al stand 12, a polar modulus of 
5 section ag9inst the center of the section thereof becomes large in coirqjarison with the case wiiere 
ttiere is no space on the same materials and the same wd^t Therefore, the rigidity of the lateral 
stand 12 is increased, and the torsion strain due to the bending power Ml is reduced. 

Lasdy, thae is a refermce to the cutting chips while the crankshaft 'w' is cut 
Althou^ the cutting chips drop on the upp&c surfece of the lateral stand 1 2 during the cutting, since 
10 the uppa: surfece is inclined by an angle of 15 degrees or more, the dropped cutting chips are 
assisted by flow of cutting fluid and surely drop on the iq^per surface of the bed 1 . 

In case the upper surfece of the lateral stand 12 is inclined by an angle of about 35 
degrees, as in the example of the present invention, the cutting chips can drop on the upper surfece 
oftiiebed 1 by their own wei^twitiiout the assistance ofthe flow ofthe cutting fluid 

15 

INDUSTRIAL APPLICABILITY 

According to the present invention, the following effects can be achieved. Since 
the work grip rotation feed mechanism portion is deflected toward ttie worker 6om the rotation 
support shaft when the bar-like work is attadied to and ranoved fiom it, the worker can easily 
20 approach it to load the bar-like work precisely and fatiguelessly. In addition, since the distance 
between the work grip rotation feed mechanism portion and the main shaft is large, the space for 
attaching and removing the bar-like work is ailaiged. Accordingly, it is possible to easily load the 
bar-like woik, and to prevent careless contact between the bar-like woik and tiie tool fixed on the 
main shaft. 

25 On die other hand, in processing the work gripped by tiie work grip rotation feed 

mechanism portion, since the lateral stand is deflected toward tiie main shaft side fiom the rotation 
support shaft, the distance between tiie main shaft and the woik at the processing start position is 
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small. Tha:efore, it is possible to process the woik by using a small stroke in ttie Z-axial diiection 
and impiove the processing efficioicy. 

In addition, it is possible to have the cutting chq>s dropped on the iq^per sur&ce of the 
lata:al stand flow down by their own wd^t with ttie cutting fluid Moreova; it is possible to 
decrease the bending powar that acts on the work grip rotation feed mechanism portion and ttie 
lateral stand due to a sinple stmcture while the work is processed 

In case a particular slope guide plate for guiding ttie cutting chips to ttie i;>per sur&ce of 
the lataal stand is not provided, the dropped cutting chips are dropped outside the lateral stand witti 
assistance by the flow of the cutting fluid or without the assistance. 

It is possible to improve the rigidity of the lateral stand with little material and make the 
lateral stand protect required members, such as cables and pipes. 



